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© X-ray examination apparatus with an imaging arrangement having a plurality of image sensors. 
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® An imaging arrangement comprising a multi-sen- 
sor for use in an x-ray examination apparatus is 
described that combines a plurality of partially over- 
lapping sub-images, resulting in an increased effec- 
tive sensor area when compared to a single sensor- 
image. Thus an imaging arrangement is provided 
suitable for imaging a large area output screen of an 
image intensifier by way of semiconductor image 
sensors. 



Image artifacts owing to variations in the align- 
ment of the respective image sensors are corrected 
for by applying geometric transformation to respec- 
tive electronic sub-image generated by the image 
sensors. The transformed electronic sub-images are 
assembled into a recombined image. Further image 
quality improvement is obtained by performing even- 
ing operations in overlapping regions of the trans- 
formed sub-images. 
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The invention pertains to an x-ray examination 
apparatus comprising an x-ray source for produc- 
ing an x-ray image by irradiating an object, radi- 
ation conversion means for converting said x-ray 
image into a visible image, a imaging arrangement 
incorporating a plurality of image sensors for con- 
verting sub-images in the form of parts of the 
visible image into primary electronic sub-images 
and image processing means for producing a re- 
combined electronic image from said primary elec- 
tronic sub-image. The invention also relates to a 
imaging arrangement for use in an x-ray examina- 
tion apparatus. 

An x-ray examination apparatus of said kind is 
known from the US patent US 4 503 460. 

An x-ray examination apparatus as described in 
- the cited reference-cbW^ises - multiple image" con-~ 
version means in that a plurality of semiconductor 
image sensors and optical coupling means having 
a plurality of lenses are provided for imaging re- 
spective regions of an output screen of a x-ray 
image intensifier onto respective semiconductor 
image sensors. Respective sub-images are detect- 
ed by the semiconductor image sensors and image 
assembling is carried out by an electronic circuit to 
produce a recombined image from the sub-images. 
Only a limited number of errors in the recombined 
image are corrected together with image recon- 
struction. The cited reference teaches only about 
correcting errors due to failing photo-sensitive ele- 
ments of the image sensors and about errors due 
to differences between average sensitivities of dif- 
ferent image sensors. 

It is inter alia an object of the invention to 
provide an x-ray examination apparatus with a im- 
aging arrangement having a plurality of image sen- 
sors provided with an image processing arrange- 
ment for composing an image by assembling a 
plurality of sub-images into a recombined image, 
that is substantially free of artifacts. 

An x-ray examination apparatus according to 
the invention is characterized in that said image 
processing means comprises transformation means 
for producing transformed electronic sub-images 
by performing respective geometrical transforma- 
tions on respective primary electronic sub-images. 

Differences in orientations of sub-images from 
which the recombined image is assembled are an 
important cause of artifacts in a recombined image. 
Especially in medical examination applications, arti- 
facts are detrimental to the diagnostic value of the 
recombined image. Such differences arise due to 
differences in orientation of respective image sen- 
sors, notably charge-coupled devices when straigh- 
tforwardly assembling sub-images into a recom- 
bined image. Only to a minor extent such artifacts 
can be eliminated or avoided when image process- 
ing is applied limitedly to edges of adjoining sub- 



images. Differences in orientation of said sub-im- 
ages can be corrected for and ensuing transformed 
sub-images can be assembled into a recombined 
image, substantially without artifacts attributable to 
5 differences in orientation of respective sub-images 
by applying a geometrical transformation to pri- 
mary electronic sub-images. 

A preferred embodiment of an x-ray examina- 
tion apparatus according to the invention, wherein 
io the imaging arrangement further comprises mem- 
ory means for storing electronic sub-images, a 
electronic sub-image having the form of pixel-val- 
ues having pixel-addresses, a pixel-address cor- 
responding to a position in a relevant electronic 
is sub-image, a pixel-value pertaining to said pixel- 
. .. ... ...address .corresponding, to .a brightness value of 

said position in a relevant electronic sub-image, is 
characterized in that said geometrical transforma- 
tion is arranged to assign pixel addresses of re- 
20 spectjve primary electronic sub-images to pixel ad- 
dresses of respective transformed electronic sub- 
images. 

Transformed electronic sub-images, that are 
the result of a geometrical transformation applied to 
25 primary electronic sub-images are formed as fol- 
lows. Memory means are provided for storing pixel- 
vaiues corresponding to brightness-values at posi- 
tions in the primary electronic sub-image ad stor- 
age-addresses correspond to said positions. A geo- 
30 metrical transformation is then performed by con- 
verting addresses of respective stored electronic 
sub-images into addresses of transformed elec- 
tronic sub-images. 

A preferred embodiment of an x-ray examina- 
35 tion apparatus, wherein the imaging arrangement 
further comprises memory means for storing elec- 
tronic sub-images, an electronic sub-image having 
the form of pixel-values having pixel-addresses, a 
pixel-address corresponding to a position in a rel- 
40 evant electronic sub-image, a pixel-value pertaining 
to said address corresponding to a brightness val- 
ue of said position in a relevant electronic sub- 
image, according to the invention is characterized 
in that said geometrical transformation is arranged 
45 for assigning pixel addresses of respective trans- 
formed electronic sub-images to pixel addresses of 
respective primary electronic sub-images. 

Transformed electronic sub-images, that are 
the result of a geometrical transformation applied to 
so primary electronic sub-images are formed as fol- 
lows. Memory means are provided for storing pixel- 
values corresponding to brightness-values at posi- 
tions in the stored electronic sub-image and stor- 
age-addresses correspond to said positions. A geo- 
55 metrical transformation is then performed by as- 
signing addresses of respective primary electronic 
sub-images into addresses of transformed elec- 
tronic sub-images. 
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A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the transformation means 
comprises a pixel-value interpolation means for de- 
termining a pixel-value for a pixel of a respective 5 
transformed electronic sub-image whereto a pixel- 
address of a respective primary electronic sub- 
image is assigned. 

From selected addresses in a transformed 
electronic sub-image, the transformed image can 10 
be built-up by assigning pixel-values of a primary 
electronic sub-image. When a transformed elec- 
tronic sub-image and a primary electronic sub- 
image are related by a geometrical transformation, 
said primary electronic sub-image is related to the 15 
transformed electronic sub-image by another geo- 
metrical transformation, viz. the two geometrical 
transformations being the inverse of one another. 
An address-value of the stored sub-image is ob- 
tained by applying a appropriate transformation to 20 
address-values of the transformed electronic sub- 
image. This computation can lead to a fractional 
address, i.e. an address-value, that lies between 
various neighbouring addresses of the stored elec- 
tronic sub-image. A pixel-value of the address at 25 
issue of the transformed electronic sub-image is 
obtained by interpolation of pixel-values of said 
neighbouring addresses of the stored electronic 
sub-image. 

A further preferred embodiment of an x-ray 30 
examination apparatus according to the invention is 
characterized in that the image processing means 
comprise a pixel value interpolation means for de- 
termining values of pixels of the recombined elec- 
tronic image which correspond to sensor elements 35 
of image sensors lying close to neighbouring 
edges of such image sensors, by interpolation be- 
tween values of pixels lying close to neighbouring 
edges of the transformed electronic sub-images. 

When a recombined image is assembled from 40 
transformed electronic sub-images, image quality is 
improved by evening pixel-values in regions in the 
recombined image corresponding to boundary-re- 
gions of the transformed electronic sub-images. 
Evening of pixel-values is adequately achieved by 45 
weighted averaging of pixel-values in the boundary 
regions of said sub-images. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the pixel-value interpolation 50 
means are arranged for nearest-neighbour inter- 
polation. 

An interpolation by nearest-neighbour interpola- 
tion is provided having as a particular advantage 
that it is carried out comparatively rapidly. Nearest- 55 
neighbour interpolation in fact amounts to rounding- 
off. A fractional address in a primary electronic 
sub-image is obtained by applying a geometrical 
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transformation to a pixel-address in a transformed 
electronic sub-image. Then.. to the pixel at issue in 
the transformed image there is assigned the pixel- 
value of the pixel-address of the primary electronic 
sub-image that is obtained by rounding said frac- 
tional pixel-address to the nearest neighbouring 
pixel-address. 

A further preferred embodiment of an x-ray 
examination apparatus in according to the invention 
is characterized in that the pixel-value interpolation 
means are arranged for bi-linear interpolation. 

An interpolation by bilinear interpolation is pro- 
vided that is sufficiently rapidly carried out and 
provides transformed electronic sub-images being 
substantially free of artifacts due to transforming. In 
bilinear interpolation a pixel-value in a transformed 
electronic sub-image is assigned by weighted aver- 
aging pixels surrounding said fractional pixel-ad- 
dress obtained by geometrical transformation of the 
pixel address in the transformed electronic sub- 
image. Weight factors for said weighted averaging 
are determined by differences between co-ordinate 
values of said fractional pixel-address and of ad- 
dresses said surrounding pixels. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the pixel-value interpolation 
means are arranged for cubic-spline interpolation. 

More complicated interpolating methods for 
use in image-transformation of. medical x-ray im- 
ages are known per se from the IEEE Transactions 
on Medical Imaging Ml-2(1 983)31 . In particular in 
an x-ray examination apparatus according to the 
invention it is attractive to employ such more com- 
plicated interpolating methods. An interpolation by 
cubic spline interpolation is provided that extends 
over at lest four pixels and smoothing of high- 
resolution detail is avoided so that small details in a 
image are conserved to a practically useful extent 
by the interpolation. For images having a abun- 
dance of diagnostically valuable details, the im- 
provement of the quality of the interpolation out- 
weighs the larger computational burden for per- 
forming cubic-spline interpolation. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the transformation means 
comprises a look-up-table for converting addresses 
of respective first electronic sub-images into ad- 
dresses of respective second electronic sub-im- 
ages, pixel-addresses of said first and second elec- 
tronic sub-images, respectively, being related by a 
geometrical transformation. 

Pixel-addresses of said first and second elec- 
tronic sub-images need be related to perform geo- 
metrical transformations between a first and a sec- 
ond electronic sub-image. This is achieved by em- 
ploying a look-up-table being stored in a rapidly 
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accessible memory. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the transformation means 
comprises address-value computation means for ; 
computing address-values for respective second 
electronic images from addresses of respective 
first electronic images, being related by a geomet- 
rical transformation. 

Pairs of pixel-addresses of pixels in respective u 
electronic sub-images being related by a geometri- 
cal transformation are obtained by calculation of 
pixel-addresses. Such calculations are rapidly per- 
formed by employing electronic calculation means 
notably arranged for performing matrix-computa- n 
tions. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the geometrical transformation 
comprises a translation and a rotation. 2C 

Image artifacts in the recombined image owing 
to differences in orientations of sub-images are 
avoided by correcting for differences in orientation 
by applying a geometrical transformation that is a 
composition of a rotation and a translation. Such a 25 
composition is known as a affine transformation. An 
affine transformation is applied to a electronic im- 
age being available from a memory means by 
transforming address values by calculation by com- 
putation means for calculating transformed address 30 
values in accordance with a required affine trans- 
formation. In addition, the affine transformation may 
comprise scaling of a primary electronic image so 
as to correct for differences in^ magnification or 
focusing of respective parts of the visible image on 35 
respective image sensors. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the geometrical transformation 
is dependent on pixel-addresses of pixels of pri- 40 
mary sub-images. 

The optical coupling means, notably compris- 
ing a lens system gives rise to optical distortions in 
the primary electronic sub-images. Such distortions 
have a non-linear nature, in that pixel-positions in a 45 
primary electronic image are non-linearly related to 
pixel-positions in a transformed electronic image. 
Such non-linear distortions, such as e.g. pin-cush- 
ion distortions or barrel-distortions are corrected for 
by employing geometrical transformations .being 50 
dependent on pixel-address at issue. Notably, 
when a geometrical transformation is determined 
by a transformation matrix, the dependence sought 
is introduced by employing matrix elements being 
dependent on pixel-address values. 55 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the transformation means 



comprise pixel address interpolation means for de- 
termining integer pixel addresses- from. computed 
fractional pixel addresses. 

Applying a geometrical transformation to a 
pixel value indifferently whether to a pixel in a 
primary electronic sub-image or a pixel in a trans- 
formed sub-image can result in a fractional pixel- 
address. The pixel-address sought is subsequently 
obtained by applying a interpolation to said frac- 
tional pixel-address on the basis of pixel-addresses 
surrounding said fractional pixel-address. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that said pixel-address interpola- 
tion means are arranged for determination of in- 
teger pixel addresses determined by rounding off 
computed fractional pixel addresses to the nearest 
integer value. 

A particularly simple.and therefore very rapid 
interpolation means is constructed by arranging 
said interpolation means for rounding a computed 
transformed fractional address-value to a closest 
integer address-value. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the image processing means 
comprises amplification means for amplifying re- 
spective primary electronic sub-images. 

In order to correct for further image artifacts of 
the sub-images owing to e.g. vignetting or bright- 
ness perturbations caused by the optical coupling 
means or differences of the sensitivities between 
respective image sensors, pixel-values in the pri- 
mary electronic sub-images are amplified or re- 
duced so as to correct for image artifacts in a 
respective sub-image. Thus, it is achieved that the 
diagnostic quality of the recombined image is still 
further improved in addition to absence of artifacts 
due to assembly of sub-images. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that the transformation means is 
arranged as digital circuit means. 

Rapid performance of geometrical transforma- 
tions of electronic sub-images and corrections for 
further image artifacts is achieved by way of em- 
ploying digital circuit means which^ are supplied 
with electronic sub-images having a digital format. 
As a consequence, real-time performance of as- 
sembling a recombined image that is substantially 
free of image artifacts is obtained so that there can 
be displayed sequences of recombined images 
showing, with good diagnostic properties, dynamic 
processes during x-ray examination. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that said image processing means 
comprise zooming means for magnifying selected 
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portions of said transformed electronic sub-images 
into said recombined electronic image. 

The imaging arrangement with a zooming op- 
tion provides for displaying a part of a recombined 
image containing a particular feature of interest. 
Said displayed part will have portions originating 
from sub-images of respective image sensors. A 
part of the recombined image can be displayed 
with magnification on a display and said part of the 
recombined image is assembled from correspond- 
ing parts of respective electronic sub-images while 
artifacts particularly owing to differences in orienta- 
tion of said electronic sub-images are avoided. 

A further preferred embodiment of an x-ray 
examination apparatus according to the invention is 
characterized in that said radiation conversion 
means is a parallel-plate x-ray image intensifier. 

A parallel plate image intensifier comprising a 
output screen has a area substantially larger than a 
image recording face of a semiconductor image 
sensor, notably a charge-coupled device; therefore 
a multitude of charge-coupled devices is to be 
used for converting a visible image formed on the 
output screen into a number of electronic sub- 
images. Said sub-images are assembled into a 
recombined image by way of an imaging arrange- 
ment having transformation means for performing 
geometrical transformations as described herein- 
before. The combination of such a imaging ar- 
rangement with a parallel plate image intensifier 
has a particular advantage in that a flat and light- 
weight image detection and processing module is 
provided for use in an x-ray examination apparatus. 

An imaging arrangement for use in an x-ray 
examination apparatus according to the invention 
preferably comprises transformation means for pro- 
ducing respective transformed electronic sub-im- 
ages by performing respective geometrical trans- 
formations to respective primary electronic sub- 
images for correcting differences between orienta- 
tions of respective primary electronic sub-images. 

These and other aspects of the invention will 
become apparent from and will be elucidated with 
reference to the embodiments described 
hereinafter and with reference to the accompanying 
drawing. 

Figure 1 shows a diagrammatic illustration of an 
x-ray examination apparatus according to the 
invention. 

Figure 2 shows a block scheme of an image 
processing arrangement for incorporation in an 
x-ray examination apparatus according to the 
invention. 

Figure 3 shows a diagrammatic illustration of 
methods of interpolation as performed in an 
embodiment of an x-ray examination apparatus 
according to the invention. 



Figure 4a shows a block scheme of an signal 
processing means incorporating means for per- 
forming image recombining and evening for in- 
corporation in an x-ray examination apparatus 
5 according to the invention. 

Figure 4b shows the relations between weight- 
factors employed for assembling a recombined 
image, in different regions of the recombined 
image 

10 Figure 5 shows a block scheme of an image 
processing arrangement for incorporation in an 
x-ray examination apparatus according to the 
invention and incorporating means for zooming 
into a selected region of interest. 

75 Figure 1 shows a diagrammatic illustration of 

an x-ray examination apparatus according to the 
invention. An object 2, notably a patient which is to 
be examined, is irradiated by a beam of x-rays 3 
emanating from an x-ray source 1. After the x-ray 

20 beam has passed through the object 2 an x-ray 
image is formed on an input screen 4 of an x-ray 
image intensifier 5. In the embodiment described 
here, the x-ray image intensifier serves as an x-ray 
detector. Image-carrying x-radiation 6 is converted 

25 by the x-ray image intensifier into image carrying 
visible radiation 7, i.e. radiation having a 
wavelength in a range of wavelengths from 
wavelengths of ultraviolet radiation to wavelengths 
of infrared radiation, so that a visible image is 

30 produced on a output screen of the image intensi- 
fier 8. The visible image is transmitted to a plurality 
of semiconductor image sensors by optical cou- 
pling means, which consists of several lenses, of 
which there are as an example shown four lenses 

35 9a-d. A sub-image being a part of the visible image 
produced on- the output screen 8 is recorded by 
each of the semiconductor image sensors. As an 
example four semiconductor image sensors 10a-d 
are shown. For example the semiconductor image 

40 sensors can comprise a matrix of photodiodes or 
charge-coupled device image sensors as sensor 
elements. Because the area of the output screen of 
the x-ray image intensifier is usually very much 
larger than the area of a image recording face of a 

45 single semiconductor image sensor so that a plu- 
rality of sensors is required for recording the entire 
image; in particular when a flat x-ray image intensi- 
fier having a comparatively large area output 
screen is employed a multitude of semiconductor 

so image sensors is required. 

Output signals, pertaining to primary electronic 
sub-images i.e. electronic sub-images generated 
by the semiconductor image sensors are supplied 
to a image-processing-arrangement 1 1 in which 

55 geometric transformations of the electronic sub- 
images are carried out and subsequently trans- 
formed electronic sub-images are assembled into a 
recombined image and further image processing 
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operations such as evening are performed. In a 
following video amplifier 12 the video signals gen- 
erated by the image-processing-arrangement 1 1 
are amplified. The amplified video signals can be 
supplied to a monitor 13 for the recombined image 
to be viewed. The video signals generated by the 
image-processing-arrangement 11 have a digital 
format and are amplified digitally by the video 
amplifier 12 and the amplified digital video signals 
of the recombined image can also be supplied to 
an output buffer circuit 14 for further processing 
when geometric transformation and assembling the 
transformed sub-images into the recombined im- 
age are carried out digitally. 

Figure 2 shows a block scheme of an image 
processing arrangement 11 for incorporation in an 
x-ray examination apparatus according to the in- 
vention. Sub-images are recorded by a plurality of 
semiconductor image sensors. In the embodiment 
shown in Figure 2, there are shown four semicon- 
ductor image sensors 10a-d. For example the 
semiconductor image sensor 10a records a upper- 
left quadrant of an image projected on the output 
screen 8 of the x-ray image intensifier, correspond- 
ingly sensor 10b records an upper-right quadrant, 
sensor 10c records a lower-left quadrant and sen- 
sor 10d records a lower-right quadrant of the image 
projected on the output screen 8. Each of the sub- 
images is subjected to a number of processing 
operations, viz. a geometric transformation for cor- 
recting for deviations of orientations of the semi- 
conductor images sensors and of the lenses 9a-d. 
There is preferably some overlap between the sub- 
images, empirically it has been established that a 
overlap of a limited number of pixels is sufficient 
for assembling the transformed sub-images into a 
recombined image without introducing artifacts. 
Furthermore, the sub-images are corrected for 
brightness variations not pertaining to image in- 
formation e.g. owing to vignetting and brightness 
distortions. Optical distortions introduced by the 
lenses 9a-d can also be corrected for by employ- 
ing geometrical transformations depending on 
pixel-address values, i.e. positions in the sub-image 
being transformed; this is e.g. achieved by employ- 
ing geometrical transformation having a transforma- 
tion matrix comprising position-dependent matrix- 
elements. Said processing operations can be char- 
acterized by a comparatively small number of pa- 
rameters. Values of said parameters are obtained 
from respective signals provided by the semicon- 
ductor image sensors I0a-d by means of param- 
eter-extraction-means 20a-d. Either these param- 
eters can be obtained during system initialisation 
(e.g. by using a specific input pattern), or they can 
be obtained during normal operation of the imaging 
arrangement (making the system adaptive). Each of 
the analogue signals pertaining to respective elec- 



tronic sub-images is converted into digital form by 
way of analog-to-digital converters 2la-d to carry 
out geometric transformation of electronic sub-im- 
ages. Subsequently the electronic sub-images are 

5 stored in digitised form in respective double-sized 
buffers 22a-d. Based on the contents of these 
buffers ad controlled by the values of the afore- 
mentioned parameters four output pixel-streams 
23a-d, representing the transformed electronic sub- 

70 images are generated. Details of the transformation 
operation will be described hereinafter. 

Once the electronic sub-images have been 
transformed, by means of a signal-processing- 
means 24, they are recombined and an evening 

is function is applied to discard any remaining transi- 
tion effects. Recombination and evening will be 
described in more detail hereinafter with reference 
to Figure 4a. 

Figure 3 shows a diagrammatic illustration of a 

20 method of interpolation as performed in an embodi- 
ment of an x-ray examination apparatus according 
to the invention. Pixel-coordinates before transfor- 
mation will be denoted by fa, x 2 ) and after trans- 
formation by (y\, y?). The transformation can then 

25 be written as (y % , y?) = F (Xi, x 2 ) in the forward 
direction, or equivalents in the backward direction 
as (x u x 2 ) = G (y u y^X The transformations F - 
(and equivalently the transformation G) comprise 
preferably rotation, scaling and translation of the 

30 electronic sub-images. A very simple method to 
implement the transformation is obtained by using 
look-up-tables; for each set of input coordinates, 
the related output coordinates are listed in a table. 
Any function can be realised by this method but for 

35 four electronic sub-images each having 512x512 
pixels a look-up-table having a capacity of 20 Mbit 
is required. 

As a alternative to the use of a look-up table 
the image transformations are employed by way of 

40 an affine transformation. This alternative has a s an 
advantage that it demands less memory capacity. 
Such an affine transformation is characterized by 
the form of the transformation function F, viz. F f>i , 
X2) = U (x,, x 2 ) + (, where U represents a 

45 rotation combined with a scaling and t is a transla- 
tion vector. Instead of having all coordinates di- 
rectly available in a table, each set of coordinates 
is calculated by a dedicated processing unit. Dis- 
tortions caused by the lens-system may have a 

50 non-linear character. Such distortions can be cor- 
rected for by using geometric transformations hav- 
ing a dependence on the pixel-address to be trans- 
formed. This is e.g. achieved by employing a ma- 
trix U and a transformation vector f having matrix- 

55 elements and vector-components, respectively, that 
depend on the coordinates of pixels to be trans- 
formed. 
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Coordinates of discrete pixels in an image con- 
sisting of pixels arranged along rows and columns 
have integer values, a first coordinate indicating the 
pixel-number along a row-direction, a second co- 
ordinate indicating a pixel-value along a column 
direction. Because the coordinates of pixels in the 
transformed image, as calculated by any of the 
hereinbefore mentioned implementations, will gen- 
erally not coincide with integer-valued pixel-posi- 
tions, some kind of interpolation will be needed to 
approximate the value of a pixel having a position 
that lies somewhere between integer pixel-posi- 
tions. In order to keep the pixel-interpolation al- 
gorithm very simple to be able to generate output 
pixels at a sufficiently high pixel-rate (e.g. 10Mpix 
s -1 nearest neighbour interpolation is performed; 
the calculated coordinates are rounded to integer 
values to find the nearest pixel of which the pixel- 
value can be used without any processing. In the 
particular situation shown in Figure 3, the pixel 
denoted B is closest to the fractional pixel-position 
P so that by nearest-neighbour interpolation the 
pixel-value of pixel B is assigned to the pixel P\ 
where P =GP\ 

A more sophisticated method of interpolation is 
bilinear interpolation. For assigning a pixel-value to 
P* the following interpolation is performed. Let P a 

denote pixel values of pixel a = A,B,C then the 

interpolated value given by 

P p . = (l-a)(1-b)P A + (1-a)bP B + (1-b)aP c + 
abP D , where 

a = :x2fP>x 2 (X> :/:x 2 fC>x 2 fA;:, 

b = '.Xi(P)-Xi(k)\I\Xy(&)-X,(A)\ . 

Such a bilinear interpolation method takes into ac- 
count image information of more than only the 
closest pixel of pixels surrounding the fractional 
pixel-position. As a consequence it is avoided that 
image artifacts may be introduced by the geometri- 
cal transformation. 

Figure 4a shows a block scheme of an signal 
processing means incorporating means for per- 
forming image recombining and evening for incor- 
poration in an x-ray examination apparatus accord- 
ing to the invention. Pixel-streams 23a-d provide 
input data for the signal processing means 24. As 
an example an embodiment wherein a recombined 
image is assembled from four sub-images, denoted 
respectively as upper-left, upper-right, lower-left 
and lower-right sub-images is referred to in Figure 
4. When the signal processing means 24 is in 
operation, each pixel-stream contains a pixel-value 
corresponding to a position in the recombined im- 
age. The values are then combined in dependence 
of a pixel being common to a multitude of trans- 
formed electronic sub-images. To that end the 
pixel-values are combined according to the weight- 



ed-average relation P out = AP U , + BP ur + CP„ + DP, r . 
Whenever P out represents a pixel-value, of a pixel 
that lies only in the upper-left sub-image, then only 
P u! will contain valued data and correspondingly a 

5 first weight-factor A is set to the value one, and 
second, thirds and fourth weight-factors B,C,D are 
set to zero. So for pixel-values of pixels outside 
overlapping regions of sub-images, the weighted- 
averaging amounts to a switch function for seiect- 

w ing one of four possible pixels. In the overlapping 
regions, however, multiple weight-factors will have 
values ■ different from zero. Figure 4b shows the 
relations between the weight-factors in different re- 
gions of the recombined image. The multiplications 

75 of pixel-values and relevant weight-factors are per- 
formed by multipliers 25a-d; in a preferred embodi- 
ment said multipliers have the form of look-up- 
tables in which all possible products of (digital) 
pixel-values and weight-factors are stored. The 

20 weighted average an finally be computed by add- 
ing by way of addition means 26a-c the results of 
the multiplication so as to form the result of the 
weighted average P out . 

Figure 5 shows a block scheme of an image 

25 processing arrangement for incorporation in an x- 
ray examination apparatus according to the inven- 
tion and incorporating means for zooming into a 
selected region of interest. A region of interest can 
be selected by a zooming-control-means 29 which 

30 controls selection means 27a-d and magnification 
means 28a-d. In order to produce a recombined 
image of a selected region of interest of the image 
on the output screen of the image intensifier a 
zooming means is provided. Said zooming means 

35 incorporates selection means 27a-d for selecting 
electronic image portions of primary electronic im- 
ages generated by respective image sensors 10a- 
d. Appropriate magnifications are applied to said 
electronic image portions by respective magnifica- 

40 tion means 28a-d. The magnified electronic image 
portions are subjected to appropriate geometric 
transformations by the transformation means 22a-d. 
By assembling the magnified and transformed 
electronic image portions by way of the image 

45 processing arrangement 24 a recombined image of 
the region of interest is displayed on the monitor 
13 or supplied to the output buffer circuit 14. 

Claims 

50 

1. An x-ray examination apparatus comprising an 
x-ray source for producing an x-ray image by 
irradiating an object, an imaging arrangement 
incorporating radiation conversion means for 
55 converting said x-ray image into a visible im- 

age, a plurality of image sensors for converting 
sub-images in the form of parts of the visible 
image into primary electronic sub-images and 

7 
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image processing means for producing a re- 
combined electronic image from said primary 
electronic sub-images, characterized in that 
said image processing means comprises trans- 
formation means for producing transformed 5 
electronic sub-images by performing respec- 
tive geometrical transformations on respective 
primary electronic sub-images. 

2. An x-ray examination apparatus as claimed in w 
Claim 1 , wherein the imaging arrangement fur- 
ther comprises memory means for storing 
electronic sub-images, an electronic sub-image 
having the form of pixel-values having pixel- 
addresses, a pixel-address corresponding to a 75 
position in a relevant electronic sub-image, a 
pixel-value-pertaining-to-saidpixel^address-cor- 
responding to a brightness value of said posi- 
tion in a relevant electronic sub-image, char- 
actered in that said geometrical transforma- 
tion is arranged for assigning pixel addresses 
of respective primary electronic sub-images to 
pixel addresses of respective transformed 
electronic sub-images. 



3. An x-ray examination apparatus as claimed in 
Claim 1 , wherein the imaging arrangement fur- 
ther comprises memory means for storing 
electronic sub-images, an electronic sub-image 
having the form of pixel-values having pixel- 
addresses, a pixel-address corresponding to a 
position in a relevant electronic sub-image, a 
pixel-value pertaining to said address corre- 
sponding to a brightness value of said position 
in a relevant electronic sub-image, character- 
ized in that said geometrical transformation is 
arranged for assigning pixel addresses of re- 
spective transformed electronic sub-images to 
pixel addresses of respective primary elec- 
tronic sub-images. 



between values of pixels lying close to .neigh- 
bouring edges of the. transformed electronic 
sub-images. 

6. An x-ray examination apparatus as claimed in 
Claim 4, characterized in that the pixel-value 
interpolation means are arranged for nearest- 
neighbour interpolation. 

7. An x-ray examination apparatus as claimed in 
Claim 4, characterized in that the pixel-value 
interpolation means are arranged for bi-linear 
interpolation. 

8. An x-ray examination apparatus as claimed in 
C J* im cnara cterized in that the .pixel-value 
interpolation means are arranged for cubic- 
spline interpolation. 



20 



9. An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 
in that the transformation means comprises a 
look-up-table for converting addresses of re- 
spective first electronic sub-images into ad- 
25 dresses of respective second electronic sub- 

images, pixel-addresses of said first and sec- 
ond electronic sub-images, respectively, being 
related by a geometrical transformation. 

30 10. An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 
in that the transformation means comprises 
address-value computation means for comput- 
ing address-values for respective second elec- 

35 tronic images from addresses of respective 

first electronic images, being related by a geo- 
metrical transformation. 



40 



4. An x-ray examination apparatus as claimed in 
Claim 3, characterized in that the transforma- 
tion means comprises a pixel-value interpola- 
tion means for determining a pixel-value for a 45 
pixel of a respective transformed electronic 
sub-image whereto a pixel-address of a re- 
spective primary electronic sub-image is as- 
signed. 

50 

5. An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 
in that the image processing means comprise 
a pixel value interpolation means for determing 
values of pixels of the recombined electronic 55 
image which correspond to sensor elements of 
image sensors lying close to neighbouring 
edges of such image sensors, by interpolation 



11. An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 
in that the geometrical transformation com- 
prises a translation and a rotation. 

12. An x-ray examination apparatus as claimed in 
Claim 1 1 , characterized in that the geometrical 
transformation is dependent on pixel-address- 
es of pixels of primary sub-images. 

ia An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 
in that the transformation means comprise 
pixel address interpolation means for determin- 
ing integer pixel addresses from computed 
fractional pixel addresses. 

14. An x-ray examination apparatus as claimed in 
Claim 13, characterized in that said pixel-ad- 
dress interpolation means are arranged for de- 
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termination of integer pixel addresses deter- 
mined by rounding off computed fractional 
pixel addresses to the nearest integer value. 

15. An x-ray examination apparatus as claimed in 5 
any one of the preceding Claims, characterized 

in that the image processing means comprise 
amplification means for amplifying respective 
primary electronic sub-images. 

JO 

16. An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 
in that the transformation means is arranged as 
digital circuit means. 

75 

17. An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 
in that said image processing means comprise 
zooming means for magnifying selected por- 
tions of said transformed electronic sub-im- so 
ages into said recombined electronic image. 

18. An x-ray examination apparatus as claimed in 
any one of the preceding Claims, characterized 

in that said radiation conversion means is a 25 
parallel-plate x-ray image intensifier. 

19. An imaging arrangement incorporating an x-ray 
source for producing an x-ray image by irra- 
diating an object, radiation conversion means 30 
for converting said x-ray image into a visible 
image, a plurality of image sensors for convert- 
ing sub-images in the form of parts of the 
visible image into primary electronic sub-im- 
ages and image processing means for produc- 35 
ing a recombined electronic image from said 
primary electronic sub-images, characterized 

in that said image processing means comprise 
transformation means for producing trans- 
formed electronic sub-images by performing 40 
respective geometrical transformations on re- 
spective primary electronic sub-images. 
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A + C = 1. 

B=D = 0 



A + B=1, 
C=D = 0 



FIG. 4a 
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A=C=0 
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